Plant imports by the North American horticultural industry risk the accidental introduction
risk permits (Horan and Lupi 2005) , and tariffs or fees on imports of nonnative species (Jenkins 2002, Mérel and Carter 2008) . The advantage of such instruments is that they provide incentives for the industry to reduce imports or sales of nonnative plants while also raising funds for screening programs, future research into invasives, and the control of established plant invasions.
For example, Barbier and colleagues (2011) indicated that it is possible to design an annual license fee for controlling the potential risks and damages arising from the import of nonnative plants by the North American horticultural industry. Employing damage estimates from purple loosestrife (Lythrum salicaria), annual license fees per nursery were assessed for both the US and Canadian horticultural industries on the basis of the profits earned from introducing a new exotic plant species with a risk of invasion that is similar to purple loosestrife. For a US nursery that obtains 10% of its profits from sales of the single exotic species, the annual fee is $446, whereas for a nursery with sales of the nonnative plant contributing 75% of its profits, the fee rises to $3350 per year. For two similar Canadian nurseries, the annual fee should be C$490 and C$3680, respectively. Depending on the share of the exotic plant sales in industry profits, an annual license fee in the United States could raise between $1.6 million and $44 million. In Canada, the annual fee revenues amount to between C$150,000 and C$5.4 million. Such annual revenues would not only cover the expected annualized damages from a potential plant invasion but would also contribute to funding screening B y importing more exotic plants, the North American horticultural industry has been able to meet consumers' growing demand for nursery products. But this expansion has also increased the risk of accidental introductions of harmful nonnative species in the region (Reichard and White 2001 , Bell et al. 2003 , D'Antonio et al. 2004 , Drew et al. 2004 , Maki and Galatowitsch 2004 , Knowler and Barbier 2005 , Mack 2005 , Niemiera and Von Holle 2009 , Barbier et al. 2011 . Around 40% of the endangered native plant species in North America are vulnerable to invasive species (Bell et al. 2003) . The total damage to the US economy each year from reductions in crop yields and pasture forage caused by nonnative plants amounts to $27 billion, and $8 billion is spent annually on controlling exotic weeds in agriculture (Pimental 2009 ). In the Great Lakes and St. Lawrence River Basins of Canada, $500 million is spent each year on eradicating invasive plant species (Lindgren 2003) .
The use of taxes, fees, and other charges to cover the expected environmental damages from novel activities and the expansion of new industries has a long history (Perrings 1989) . Because exotic plant imports and sales by the horticultural industry are considered a significant pathway for the introduction of potentially invasive plants, various market-based instruments have been suggested as a means of reducing this risk (Jenkins 2002 , Horan and Lupi 2005 , Knowler and Barbier 2005 , Mérel and Carter 2008 , Barbier et al. 2011 . These include the use of an annual license fee or an "introducer-pays" tax on nurseries selling exotic plants Barbier 2005, Barbier et al. 2011), tradable Forum programs for future introduced species, education, and scientific research on invasive plants and for the eradication of existing invasive plants.
As the considerable variability in the estimated annual fee and revenues indicates, determining the fee is highly sensitive to the share of exotic plant sales in profits. Estimating this share ex ante is a hypothetical exercise requiring detailed industrywide information on potential nursery sales and costs. Although it is possible to adjust the annual fee as this information becomes available, careful consideration must be given to determining the profit share of non native plant sales before initially implementing the fee. This may be especially important in the United States, because policy simulations show that a high license fee would reduce the number of US nurseries significantly relative to their Canadian competitors because of a greater responsiveness to market conditions in the latter country (Barbier et al. 2011) .
However, allowing for the variability of horticultural industry profits and sales in the design of any market-based instrument may not be the only obstacle to overcome. In particular, the design and implementation of market-based instruments to control plant invasions faces two key challenges: whether there is adequate ecological information to design effective instruments to control the potential risk and damages from the horticultural use of nonnative plants and whether major stakeholders from the horticultural industry, agriculture, and other sectors affected by plant invasions would accept market-based instruments over other policy options. The purpose of this article is to show how accounting for and overcoming these two challenges can have a significant influence on the choice, design, and implementation of policies to control invasive plant species in North America.
The information challenge
Estimating an annual fee or other market-based instrument requires accurate ecological information about the length of time for which a nonnative species has been introduced into the environment and when it became fully established; this is known in ecology as the lag phase (Milbau and Stout 2008 , Pemberton and Liu 2009 , Bradley et al. 2010 . Figure 1 depicts the lag phase of the families of common invasive herbaceous plants in North America based on a historical analysis and selection from the population of all introduced horti cultural herbaceous plant species in North America potentially supplied by the horticultural industry. Invasive species are defined for the purpose of this exercise as those species not native to North America that develop selfsustaining populations outside of cultivation. Noninvasive plants are also not native to North America, but they have not yet been established to a noticeable degree outside of cultivation. A stratified sample of herbaceous species was selected among annual, biennial, and perennial species. A total of 78 different species across 26 families of herbaceous Forum different varieties of the same species may vary considerably in their invasive properties. The numerous cultivars of Japanese barberry (Berberis thunbergii) display highly disparate reproductive potential that can dramatically influence the invasive potential of each variety (Lehrer et al. 2006) . Imposing a different tax or fee for each new variety based on its invasive traits could prove difficult. In addition, some plant species that are native to one region of North America may be considered an invasive in another region. For example, smooth cordgrass (Spartina alterniflora) is a native species of the North American East Coast but a prolific invader in many locations in the Pacific Northwest (Civille et al. 2005 ). In such cases, any tax or fee would have to be administered by individually affected US states or Canadian provinces, which would complicate policy implementation. Finally, as is indicated in figure 1 , for many potential plant invaders, the likely lag phase between introduction and establishment could be 50 years or longer. Over such a time frame, climate change could dramatically alter the invasive potential of different exotic species, yet it is uncertain whether the invasiveness traits in exotic plants would be enhanced or diminished (Thuiller et al. 2007 ). Adjusting tax rates for such uncertainties will be a major difficulty.
The policy challenge
Since the successful implementation of policies is often dependent, in part, on their acceptability to a wide range of stakeholders, an understanding of stakeholders' perceptions and preferences ought to inform the policy development and implementation process (Altman and Petkus 1994, Burt et al. 2007 ). Before implementing a new policy to reduce the risk of accidental plant invasions, such as a fee or introducer-pays tax imposed on the horticultural industry, gauging whether such a policy would be acceptable to the relevant stakeholders is important. Different stakeholder groups confronted by the problem of plant invasions stemming from horticultural trade have conflicting views of the problem and how it ought to be addressed, including the use of market-based versus direct regulatory instruments and mandatory versus voluntary schemes (Reichard and White 2001 , Jenkins 2002 , Burt et al. 2007 , Drew et al. 2010 . Instead of the introducer-pays tax or fee, the regulator has the option of implementing other policy approaches. Therefore, it is important to assess how acceptable an introducer-pays tax or fee would be to the horticulture industry and other stakeholders in the North American plant invasion problem relative to alternative regulations and policies.
We conducted a stakeholder analysis of different policy options that could be used to control the risk of invasion by nonnative plant species imported by the North American horticultural industry. A review of the available literature in which policies to address the horticultural dimension of the invasive plant problem were discussed was used to des cribe and define policy options and stakeholder groups. Using a Web-based survey, designed in accordance with plants were selected. The species were identified through lists of herbaceous species invading North America and verified using the US Department of Agriculture's PLANTS database (http://plants.usda.gov). Introduction and establishment dates were determined by exploring published work on each species through several databases, including Agricola, BIOSIS, the Web of Science, Science Direct, and Google, as well as from garden books published prior to 1950.
As is shown in figure 1 , the lag phase across the families of common invasive herbaceous plants in North America is both highly variable and extremely long for some families. The variability in lag phase makes it difficult to predict when a newly introduced exotic species is likely to become established as an invader. It also makes the estimation of any annual fee, introducer-pays tax, or import tariff more problematic. The fee or tax needs to be imposed at the time of the species' introduction, but the fee's magnitude will depend on the present value of expected damages incurred when the exotic species becomes established in the host environment. Estimates of these discounted damages will vary considerably, depending on the length of time between the introduction and establishment of the species. For example, the annual fee calculated in Barbier and colleagues (2011) was based on the assumption that the newly introduced exotic species had the invasive characteristics of purple loosestrife (L. salicaria), which had a lag phase of 115 years. But as figure 1 indicates, some nonnative herbaceous plants introduced in North America have become established within 14-50 years, whereas others have taken over 200 years.
Designing market-based instruments requires information not only on the likely lag phase for a potential invader but also on the damages that it might cause. Uncertainty over the total area invaded, the rate of spread of invasion, and the various invasion pathways inhibits an accurate estimation of invasion damages, which must be known ex ante to determine the annual fee or tax imposed at the time of introduction (Eisworth and van Kooten 2002 , D'Antonio et al. 2004 , Milbau and Stout 2008 , Pemberton and Liu 2009 , Bradley et al. 2010 , Springborn et al. 2011 ). Damages are difficult to estimate even for a well-known invader, such as purple loosestrife, which is thought to have invaded up to 131,152 hectares in the United States and cost $45 million per year in control costs and forage losses (Malecki et al. 1993 , Blossey et al. 2001 , Brown 2005 . However, the reliability of the latter estimate is not known. For example, the estimates cited above may exclude several types of damages not easily observed or quantified. Conversely, the direct impacts of purple loosestrife on displacing native species and disturbing wetland ecosystems may be less significant than was previous thought, because the plant may be an indicator of other anthropogenic disturbances rather than the primary cause of these ecological impacts (Lavoie 2010) .
There are other informational challenges to implementing market-based instruments to control potentially invasive exotic plant imports to North America. For example, Forum the tailored design method (Dillman 2007) , we surveyed six stakeholder groups that are confronted-directly or indirectly-by the potential invasion problem: (1) professional horticulturalists (nursery and garden center owners, managers, and staff, professional landscapers, professional gardeners, and horticulture industry representatives); (2) hobby gardeners (amateur and noncommercial gardening enthusiasts); (3) farmers, ranchers, agriculture industry representatives, agricultural weed management specialists, extension agents, and field persons; (4) park managers and staff; (5) experts (government researchers, academic researchers, botanists, and botanical garden curators and technicians); and (6) naturalists and conservationists.
Full details of the survey methodology and administration are in Ransom-Hodges (2007) , which also includes the survey as an appendix. An e-mail containing an invitation to participate in the study and a link to the survey was distributed to potential respondents, who self-identified as stakeholders. In Canada, respondents were recruited from British Columbia, Saskatchewan, Ontario, and New Brunswick. In the United States, stakeholders residing in the states of California, Montana, Ohio, Connecticut, and Florida were recruited. These nine jurisdictions were selected in order to ensure that the survey respondents were distributed across the North American continent. We received 1801 completed surveys from these nine jurisdictions from the 6996 total e-mails sent out. Only completed or nearly completed surveys were retained for analysis. In addition, we eliminated respondents who did not identify themselves as affected by the invasive plant problem in any capacity. Once these surveys were removed, the data set contained 1740 observations, which is a survey response rate of 22%. However, the Canadian response rate was slightly higher than the response rate in the United States. The data collected through the online survey then were analyzed using one-way analyses of variance (ANOVAs).
In general, the survey respondents were well educated, and slightly more than half of the respondents were female. The average age of the respondents was between 41 and 50 years old, and the greatest proportion of the respondents (28%, 95% confidence interval [CI] = 2.2%) reported an annual household pretax income of between $50,000 and $74,000. The sociodemographic traits of the sample differed slightly from those of the general population of Canada and the United States; the sample was slightly older, more educated, and characterized by higher annual household incomes. Approximately 59% (95% CI = 2.3%) of the respondents lived in the United States, whereas 41% (95% CI = 2.3%) of the respondents were residents of Canada. The respondents generally considered themselves to be more familiar with locally invasive plant species than with the government regulations and laws in place to address the issue of plant invasions. Nonetheless, 88% (95% CI = 1.5%) of the respondents were at least somewhat aware of the relevant laws and regulations.
The respondents ranked five plausible policy options, which were obtained by reviewing the existing policy framework for dealing with invasive ornamentals in North America and the literature describing new approaches for preventing the introduction of exotic horticultural plant species (Ransom-Hodges 2007) . The policy options were simplified and described using two main elements: the process used to regulate the import and sale of invasive plants and the implementation and enforcement strategy applied (table 1) . This resulted in the following five options: Policy A was a mandatory listing and banning of nonnative plant species known to have become invasive and the prevention of further importation of only those species that have already invaded; policy B was mandatory screening to assess the likelihood that a newly imported nonnative plant species would become invasive and a ban of all newly imported exotic species with a high likelihood of invasiveness; policy C was a voluntary screening and ban by the horticultural industry of all newly imported exotic species with a high likelihood of invasiveness; policy D was a mandatory introducer-pays tax, calibrated to reflect the risk of invasion and imposed on the sale of a newly imported exotic species if that species is identified through screening as a likely invasive; and policy E was a mandatory fixed annual fee, imposed without any prior screening on the sale of all exotic plants. Definitions of the key terms used in describing the policies were also provided to respondents (table 2) . By ranking each of these options, the respondents were effectively asked which of the policies would, in isolation, be expected to make the biggest contribution to the solution of the problem. In addition to these five policy choices, the respondents were offered the option of doing nothing.
One-way ANOVAs and post hoc multiple comparisons revealed statistically significant differences in means between the stakeholder groups regarding the importance of damage to managed or natural areas, irreversible damage, transborder dispersal, not punishing those responsible for causing the problem, and allowing the continuation of activities known to cause the problem. Significant differences were also 
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In general, the professional horticulturist group perceived these various aspects of the problem to be significantly less important than did the other groups (p < .05). In contrast, when compared with the other groups, the expert, park employee, and naturalist groups assigned significantly higher levels of importance to such factors (p < .05). Nonetheless, all of the groups deemed all facets of the problem to be at least somewhat important. Members of the gardener-farmer and agriculturalist groups emphasized the importance of preventing and controlling invasions in managed areas to a significantly greater extent than did the other groups (p < .05). The professional horticulturist and agriculturalist groups assigned a greater level of importance to the cost of the strategy than did the other groups. In general, as compared with the horticulturist and agriculturalist groups, experts, naturalists, and park employees ascribed significantly higher levels of importance to addressing invasions in natural areas, which follows from our expectations (p < .05). Figure 2 indicates the mean rank ordering of the policy preferences by the six stakeholder groups, on a scale of 1 (lowest preference) to 5 (highest preference). All stakeholders unambiguously prefered policy B, the mandatory screening and banning of all newly imported exotic species with a high likelihood of invasiveness. The horticulturalists, gardeners, found for the mean importance of the cost of the strategy, who pays for the strategy, the ability to ensure compliance with the strategy, and the ability of the strategy to prevent or control invasions in natural areas and managed areas. Variable tax Imposing a variable monetary charge on the sale of newly imported nonnative plant species. The tax rate is dependent on the likelihood of invasion of a species (i.e., the sale of species that are more likely to invade is associated with a greater charge).
Fixed environmental fee
Imposing a fixed monetary charge on the sale of all nonnative plant species.
Implementation and enforcement
Mandatory Imposed and enforced by the government.
Voluntary selfregulation
Imposed and enforced by the horticulture industry (e.g., voluntary codes of conduct).
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becomes established in the host environment. The second challenge is political: Our stakeholder analysis reveals very little support for economic instruments as a policy tool for controlling the accidental introduction of plant invasions by the North American horticultural industry. A lack of familiarity with these instruments may be one problem, but stakeholders are also concerned with the information requirements needed to design and implement marketbased instruments. More positively, the widespread support revealed by the stakeholder analysis for the proactive policy (policy B) of screening and banning all newly imported exotic species with a high likelihood of invasiveness is encouraging. Such a policy fits well within the scope of the recommendations of the Ecological Society of America on US policy to control biological invasions (Lodge et al. 2006) , as well as proposals for international polices to reduce the global spread of invasions (Keller and Perrings 2011) . Field trials show that improved screening methods can identify the potential invasiveness of nonnative species rapidly and cheaply and with little cost to the horticultural industry (Gordon and Gantz 2008) . The US Department of Agriculture is currently implementing such a policy by modifying its Quarantine 37 regulation to categorize plants that appear to have high risk of invasiveness as not authorized pending pest risk assessment. This approach is most similar to our policy B, the option favored by stakeholders. These species would be prevented from entry until the assessment is made. Once such a screening policy is implemented and once awareness and acceptance of such a policy grows, the next stage of a North America-wide policy to control accidental plant invasions through horticultural activities could involve a selective implementation of annual license fees and introducer-pays taxes on a trial basis. However, as we have shown in this article, the informational and policy challenges to employing market-based instruments on imported exotic plant species to North America are considerable and need to be addressed for this next policy stage to be a feasible option. and farmers and agriculturalists ranked the voluntary policy C higher than did the park employees, experts, and naturalists. This ranking reflects that the horti cultural industry and its consumers have a greater preference for self-policing than do other stakeholders. Economic instruments in the form of a tax or fee (policies D and E, respectively) received the least support. These results suggest that, regardless of individual perceptions or stakeholder group membership, market-based instruments are unlikely to be preferred over other policy options to control the potential risk and damages from the horticultural use of nonnative plants.
One explanation for the outcome displayed in figure 2 may be the lack of familiarity with the use of economic policy instruments in addressing the invasive plant problem. The possible application of these instruments has only recently been explored and mainly from a theoretical perspective (Jenkins 2002 , Horan and Lupi 2005 , Knowler and Barbier 2005 , Mérel and Carter 2008 , Barbier et al. 2011 . Support for these policies may increase as stake holders better understand the practical feasibility and additional benefits of these instruments. For example, in the stakeholder analysis, the respondents were generally not awarenor were they informed-that revenues from an annual license fee or introducer-pays tax could be employed not only to cover the costs of damages but also to fund screening programs for all newly introduced species, education and scientific research on plant invasives, and eradication of past plant invasions.
However, the limited support for economic instruments may simply reflect a general dislike for taxes and fees, including an awareness of some of the practical difficulties associated with implementing such instruments discussed above, in which case, a lack of familiarity may not be the only issue. For example, many stake holders are aware of the problems concerning the variability in lag phase for exotic plant species, as is depicted in figure 1 , and of the uncertainty associated with estimating possible damages. Concerns over the ecological information required for the design and implementation of market-based instruments may therefore deter many stakeholders from advocating the use of such instruments to control plant invasions.
Conclusions
Implementing an annual license fee or similar economic instrument for controlling the potential risks and damages arising from the import of nonnative plants by the North American horticultural industry faces two considerable challenges. The first is informational: Designing marketbased instruments requires knowing the likely lag phase for a potential invader, as well as the potential damages it might cause, both of which are very difficult to estimate. The variability in lag phase for past North American plant invasions makes it difficult to predict when a newly introduced exotic species is likely to become established as an invader. Compounding the problem is uncertainty over the expected damages incurred when the exotic species
